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Abstract: Conceptions of Science influence educational practices and interpretations about 
the construction of scientific knowledge. Therefore, this study aimed to use 
scientific practice to test the efficiency of non-formal educational environments in 
training candidates for teacher certification in Biological Sciences. Training of 
candidates was performed in four meetings held on the State University of Goiás 
in Anápolis, which features an interpretative trail for environmental education. To 
test the hypothesis that the training was effective, a paired t-test was performed 
on the grades obtained in the questionnaires before and at the end of the activities 
(pretest and post-test). The test showed that the course was effective and led to an 
increase in students’ knowledge of the content covered (t test: t = 2.95, df = 16, p 
= 0.01), showing that on average, the scores of students increased in the post-test. 
This denotes a cognitive gain at the end of the course. 
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FORMAÇÃO INICIAL DE PROFESSORES EM ATIVIDADE DE 
EDUCAÇÃO CIENTÍFICA: EXPLORANDO AMBIENTES NÃO 
FORMAIS DE EDUCAÇÃO 
 
Resumo: Concepções sobre Ciência influenciam práticas educacionais e interpretações 
sobre a construção do conhecimento científico. Assim, este trabalho objetivou 
utilizar a prática científica para testar a eficiência de ambientes não formais de 
educação na formação de acadêmicos de licenciatura em Ciências Biológicas. Para 
isto, foi realizada uma capacitação de acadêmicos em quatro encontros realizados 
no campus da Universidade Estadual de Goiás em Anápolis, que contém uma trilha 
interpretativa de educação ambiental. Para testar a hipótese de que a capacitação 
foi eficiente, foi realizado um teste t pareado entre as notas obtidas nos 
questionários aplicados antes e ao final das atividades (pré-teste e pós-teste). O 
teste mostrou que o curso foi eficiente e permitiu o aumento no conhecimento 
dos alunos sobre os conteúdos abordados (Teste t: t= 2,95; g.l.= 16; p= 0,01), 
mostrando que, em média, as notas dos alunos aumentaram no pós-teste. Isto 
denota um ganho cognitivo ao final do curso.  
 




FORMACIÓN  INICIAL DE PROFESORES EN ACTIVIDAD DE 
EDUCACIÓN CIENTÍFICA: EXPLOTANDO AMBIENTES NO 
FORMALES DE EDUCACIÓN 
 
Resumen: Concepciones sobre Ciencia influyen las prácticas educacionales y las 
interpretaciones sobre la construcción del conocimiento científico. De este modo, 
este trabajo tuvo como objetivo utilizar la práctica científica para testar la 
eficiencia de ambientes no formales de educación en la formación de académicos 
de licenciatura en Ciencias Biológicas. Para esto, se realizó una capacitación de 
académicos en cuatro encuentros realizados en el campus de la Universidade 
Estadual de Goiás, en Anápolis, que tiene un sendero interpretativo de educación 
ambiental. Para testar la hipótesis de que la capacitación fue eficiente, se realizó un 
test pareado entre las notas obtenidas en los cuestionarios aplicados antes y al 
final de las actividades (pre y pos-test). El test mostró que el curso fue eficiente y 
permitió el aumento en el conocimiento de los alumnos sobre los contenidos 
abordados (Test t: t= 2,95; g.l.= 16; p= 0,01), mostrando que, en promedio, las 
calificaciones de los alumnos aumentaron en el pos-test. Esto denota una ganancia 
cognitiva al final del curso.  
 










1. Introduction  
 
The training of science and biology teachers seeks to enlarge the possibilities of 
work in the classroom, in order to promote the dissemination of science through the vast 
context of Science Education (PCN, 1997). In general, teachers present a vision of science 
compatible with empiricism, caused mainly by the indiscriminate use of mass media, which 
does not have a commitment to scientific training (CARVALHO, 2011) and this 
complicates the implementation of innovative educational practices. However, different 
conceptions of what is Science can positively influence educational practices, by 
interpreting how scientific knowledge is constructed, which has a commitment to 
rationality, i.e., with generalization, systematic coherence, experimental corroboration and 
reflective equilibrium (VILLANI, 2007). 
Within this perspective, Science Education  appears with the goal of making the 
study of science enjoyable and, at the same time, leads the learner (and citizen) to develop a 
scientific attitude towards, for example, the various environmental problems that exist. 
Such concepts are in accordance with the thinking of Freire (1996), reporting that the 
exercise of common sense is made through curiosity. In this sense, teaching methodologies 
are required which put into practice the ability of students to inquire, compare, doubt and 
evaluate learning aids in development of curiosity and a critical view. Therefore, the 
interpretation of quantitative and qualitative data in science classes can enrich the 
understanding of natural phenomena and processes and thus assist in environmental 
awareness (GATTI, 2004; MEDEIROS; BELLINI, 2001). 
From the precepts of Science Education, education based on unilateral transfer of 
information, in which the teacher is the bearer of knowledge, has for a long time been 
proven ineffective. Better developed concepts of education show us that the student must 
climb steps building their own knowledge, from the experience of situations, so that the 
teacher is just the intercessor of this process (FREIRE, 1999). Thus, it is necessary that the 
teacher holds the position of researcher, being always updated and abreast of thought-
provoking, didactic modalities to facilitate the understanding of basic concepts, so they can 
truly develop their skills and competences (KRASILCHIK, 1983; SILVA; CUNHA, 2012). 
The construction of scientific knowledge can be done as in classrooms as in non-
formal learning spaces. So, is important understand that these kind of spaces provides 
educational resources the conventional school does not have. These spaces have also the 
function to enhance the perception of the student to consider relevant information about 
the topic through processes and sharing experiences (GOHN, 2006). The use of non-
formal environments in science classes enables an expansion of learning opportunities that 
are contrary to traditional education methods (PINTO; FIGUEIREDO, 2010; ARAUJO et 
al., 2011). 
Non-formal education, practiced spontaneously in spaces that facilitate the learning 
process, encourages the students' curiosity about the new, giving the opportunity to 
understand the facts inherent in the everyday life situations. This enables students to 
enhance their learning, assuming that is acquired in the classroom can be applied and 
redeemed for various situations of day-by-day, enhancing the formation of this student as a 
critical citizen within society (GUIMARÃES; VASCONCELOS, 2006). In this way, 
museums, theaters, parks, plazas and trails can be cited as examples of this type of space 
(TILDEN, 1977; CURADO; ANGELINI, 2006). 
The interpretive trails are activities carried out in natural environments, through the 
interpretation/explanation of a guide/monitor. This experience is an opportunity to come 
into contact with nature and learn about themselves, which can have meaning far beyond 






simple recreation and make them enjoyable opportunities for education, especially for 
children and adolescents (VASCONCELLOS, 1998). The activities carried out in non-
formal educational environments, such as interpretive trails, can contribute to the 
promotion of Environmental Education, which has as a principal objective to support the 
training of a conscientious population concerned about the environment and associated 
issues (POOLEY; O´CONNOR, 2000). These processes must instigate students to analyze 
and participate in environmental issues, as well as stimulate a broad and critical perspective 
about the space. Thereby, such activities not only develop scientific knowledge, but also 
raise awareness which can prevent actions that degrade the environment (REIGOTA, 
2009; BRASIL, 2011). 
Teixeira, Tozoni-Reis and Talamoni (2011) and Peraya (1997) believe that critical 
environmental education paves the way for the suppression of media-centric educational 
practices (the traditional means of communication – auditory, written and visual – in 
isolation) and enables the conscious development of the individual, since it allows use of 
other teaching resources, such as the natural environment. This idea is consistent with 
Tozoni-Reis (2001), when he says that education using the natural environment has the 
function of reintegrating man in nature and, consequently, better adapting him to society. 
In activities with this profile, a plethora of biological species can be used to 
promote understanding about different aspects of interpretative trails. Although vertebrates 
and plants are most often used in these activities, aquatic invertebrates have been noted for 
improving the readings on the environment (ANGELINI et al., 2011). Streams and rivers 
support communities that tell us the history of the site over a period of time greater than in 
terrestrial environments, where they are more prone to the climate. 
A group that can be quite beneficial in these activities is the fauna of benthic 
macroinvertebrates (BIEGER et al., 2010), because it’s a sensitive group to changes in their 
habitat and it be used in several studies to assess the environmental impacts (BIEGER et 
al., 2010; PAULA; FONSECA-GESSNER, 2010). Among these, aquatic insects are a 
dominant group and are very effective for the evaluation of adverse effects caused by 
anthropogenic activities on aquatic ecosystems (BAPTISTA, 2007; SASAKI et al., 2009) 
due to their ability to live and maintain high diversity in most aquatic systems, as well as 
their ability to colonize any kind of environment (MERRITT; CUMMINS, 1996; 
BONADA et al., 2006). In addition, these trophic organisms play a key role in energy flow 
and nutrient cycling in aquatic ecosystems (RUSSO et al., 2002; BISPO et al., 2006).Thus, it 
is possible to use this group of animals in practical educational activities in order to obtain 
quick and clear answers regarding the health of aquatic environments in the face of 
environmental changes caused by human activities. In addition, the use of quantitative and 
qualitative measurements for evaluation helps improve interpretations by making it easy to 
visualize the results. For this reason, the aim of this study was to use non-formal 
educational environments for the training of university-level biology students in activities 
of Science Education so that teachers in training can reflect on the use of non-formal 
learning environments as a tool for the promotion of Environmental Education by means 
of Science Education. 
 
2. Material and Methods 
 
2.1. Study area  
 
The activities were carried out in an area of the campus of the State University of 
Goiás (UEG), in the city of Anápolis, Goiás. This area has three phytophysiognomic 






formations (cerrado, mesophilic forest and gallery forest), which are traversed by an EE 
interpretative trail called Tatu Trail (Figure 1) and an aquatic environment known as 
Barreiro Stream. The training of students in the Biological Science program took place in 
the Laboratory for Ecological Research and Science Education (LAB-PEEC), a location 
that receives students and teachers to develop diverse projects related to Scientific and 
Environmental Education. The students of Biological Sciences courses of several 
educational institutions were invited to participate in the course through various types of 
promotional materials (e-mails, flyers, posters and personal communication) distributed in 
several colleges of Anápolis, Goiás.  
Figure 1 - Gateway to the Tatu Trail located in the area of Exact and Technological Sciences Unit (UnUCET) 
of the State University of Goiás (UEG) – Anápolis, Goiás 
 
Fonte: Simião-Ferreira, 2011. 
 
2.2. Description of the activity  
 
A total of 57 students, from the 1st to the 8th period of the Biological Sciences 
course from several institutions of higher education in the city of Anápolis, participated in 
the training course offered by the Laboratory for Ecological Research and Science 
Education - UEG, however, only 17 attended four consecutive activities. At first, there was 
delivery of the material and an introductory class to present the content that would be 
covered during the course, the objectives, a description of activities and recognition of 
objects of study. The second meeting, entitled "Scientific Method for the Teaching of 
Science", presented in practice the steps of scientific research and how they can be used for 
teaching science. The third meeting, with the name of "Science education", discussed 
educational theories and practices related to scientific methods for the classroom. Finally, 
in the fourth and last meeting, students were told to present in groups a project that 
embraced the use of the scientific method in non-formal environments for teaching 
science. The steps are described in detail by their stage of realization. 
 
2.2.1. 1st day: Introduction to the training course 
 
The participants answered to a questionnaire (pre-test) to test the hypothesis that 
the three science education activities, taken together, will promote a progressive increase in 






the understanding of content thought to the students of biology. The questionnaire had 
five objective questions about all the topics that would be discussed during the upcoming 
activities. Subsequently, an introduction to the course was given together with a spatial 
demonstration of the study area, emphasizing the Cerrado mosaic, the characteristics of the 
Barreiro Stream and the biodiversity of the area. 
 
2.2.2. 2nd day: Field and laboratory activities  
In this activity, there were two modules. The first one corresponded to the field 
activity (walking the trail and collecting aquatic insects in the stream), while the second was 
the identification of aquatic insects and the interpretation of results. A new, pre-test 
questionnaire was answered, consisting of five questions about the topics of the day. The 
application of the questionnaire tested the hypothesis that students already have prior 
knowledge of the theoretical questions addressed. 
Subsequently, the students were separated into groups and accompanied by two 
monitors on the walk down the Tatu Trail. The monitors were prepared in advance, which 
guarantees that the results do not suffer a bias due to the difference in the behavior of the 
monitor (ANGELINI et al., 2011). Each monitor was responsible for calling the attention 
of participants to information of the main features that make up each phytophysiognomy 
of the Cerrado of that region, in an attempt to simulate exactly what academics, as future 
teachers, should do with their students. 
The route of the trail leads to Barreiro Stream, where students observed the 
procedures for collecting aquatic insects, made preliminary observations about the 
collected material and evaluated the physical environment around the collection point. 
Back in the lab, students began the work of taxonomically identifying the aquatic insects 
collected, with special emphasis on orders, as this taxonomic level of classification presents 
characteristics which are easily understood by students. 
After the taxonomic identification of aquatic insects, the students were encouraged 
to analyze what was found in the collection and draw up charts and graphs with data of the 
richness and abundance, which served as a source for assessing the health of the stream, 
and thus identified the degree of anthropic impact to which the aquatic environment was 
submitted. In addition, they had a real opportunity to discuss, within the ecological 
standards, the possible mitigation measures of impacts found, such as alternatives for the 
preservation of the stream and of the species found therein. Shortly after the execution of 
all of the proposed plans for this day of activity, the students answered the same 
questionnaire from the beginning of the activity, now denominated post-test. 
 
2.2.3. 3rd day: Science Education practices  
 
A new test was applied with questions about Science Education and then a lecture 
on theoretical aspects was presented, from the history of Science teaching in Brazil to 
specific aspects of scientific knowledge in the classroom. Then the monitors formed 
groups with a maximum of four students to develop and discuss ideas of Science 
Education projects that should be developed for the presentation in the following week 
(the fourth and last meeting). To end the day, the students responded to the post-test 
questionnaire. 
 
2.2.4. 4th day: Completion of the training course  
 






In this last activity, a formal evaluation test was not performed. The groups 
presented projects to the monitors and other colleagues, such as activities that could be 
applied in schools for elementary and high school students. Validation of the activities 
proposed by each group depended on the applicability and feasibility of each project in 
schools and whether scientific methods were met. After the presentations and to complete 
the course, students responded to the same questionnaire as the first meeting. 
The questionnaires application before and after each activity was performed to 
verify that the activity was effective based on whether students achieved higher grades after 
the activities. Furthermore, the application of the questionnaires before and after the 
training course aimed to verify whether the course contributed to the increase of 
knowledge of future teachers. 
 
3. Data Analyses  
 
To test the hypothesis that students had background knowledge of the theoretical 
issues addressed during each activity, a T-test was performed for dependent samples (or 
paired) (ZAR, 1996), using the grades of the pre- and post-tests taken during the activities. 
This test was intended to compare the grades of the same students before and after each 
activity. 
To test whether the course using activities of SE was effective and promoted a 
progressive increase in the understanding of the content, a paired T-test was conducted 
between the grades earned on questionnaires on the first (pretest) and last (post-test) days 
of the course. For all tests, a significance level (α ≤) of 0.05% was used (ZAR, 1996). 
In addition to the quantitative analysis, a qualitative analysis was performed of the 
activity and of the cognitive gain of biology students on the suggested method, using 
informal conversations with them to verify if the activity was valid for learning and whether 
they found the method applicable. 
 
4. Results and Discussion  
 
The course offered to students of Biological Sciences (Teacher Certification) for 
training in Science Education in non-formal Environments, using Ecological themes, 
contributed to the cognitive gain of the future teachers (t= 2.95; d.f..= 16; p= 0.01), as can 
be observed in Table 1 and Figure 2. The results show that, on average, the students’ scores 
increased after the activities, denoting a cognitive gain at the end of the course on Science 
Education, using the scientific method in non-formal environments, which highlights the 
importance of conducting such courses for teacher training. 
 
Table 1 - Means, differences between the means and total number of students present in pre-and post-testing 
activities of Science Education conducted with students of Biology 







General 2.18 ± 1.01* 3.23 ± 0.83* -1.06 ± 1.48 17 
2nd 2.02 ± 1.05* 2.41 ± 0.99* -0.39 ± 1.02 49 
3rd 3.60 ± 0.98 3.71 ± 0.87 -0.10 ± 1.12 48 
Note: p< 0.05 *Fonte: Carmo-Araújo, C.S., 2011. 







Figure 2 – Grades from the pre-and post-test questionnaires applied to General Biology students before and 
after the training course (T-test: t = 2.95, d.f.= 16, p = 0.01) 
 
Fonte: Carmo-Araújo, C.S., 2011.  
 
Non-formal environments allow internalization of content acquired from formal 
education, it can engage, interact and enable new experiences linking scientific knowledge 
with everyday (HIGUCHI; ZATTONI; BUENO, 2012). This methodology of teaching in 
non-formal environments, using the scientific method has been tested with elementary 
students. It was noted that an interpretative trail associated with laboratory activities, using 
the scientific method, can help children to approach scientific concepts and the 
conservation of biodiversity (ANGELINI et al., 2011). These authors also reinforce the 
results found by Curado and Angelini (2006), for which consecutive activities in Science 
and Environmental Education, carried out with students from elementary and high schools 
are more effective than activities performed only once. One-off activities bring only 
immediate cognitive gains and certainly weaken the effects generated by EE activities 
because, if students do not have continuous contact with that reality, the loss of the 
content is more pronounced (CURADO; ANGELINI, 2006). 
The methodology chosen for this work is effective to train biology teachers to 
teach science education from non-formal environments such as the use of interpretive trail 
and identification of aquatic organisms. These activities can be understood as a tool of 
scientific discovery as it nears both students and teachers of reality in which they live, and 
the importance of preserving nature and the role of each one in his natural habitat. This 
type of educational methodology provides students understand that Science advances 
through new questions hypothesis that are answered by the steps of fundamental scientific 
research (PRAIA; GIL-PÉREZ; VILCHES, 2007). To take on the role of elementary 
students, the university students simulated execution of scientific and environmental 
activities during the course and realized that children will only learn effectively if they can 
explore and interact by themselves with the environment that surrounds them and actively 
participate in forming and building their knowledge (PIAGET, 1999). Education and 
learning is a relevant factor in the formation of the subject and should be continuous and 
lasting, perpetually occurring in the social, school and family life of the individual 
(VIEIRA; WEBER, 2002). It is through education, moreover, that we seek to raise 






awareness of the conservation and rational use of natural resources and the sustainability of 
the biodiversity of ecosystems (JACOBI, 2003). 
The performance of students in the questionnaires applied on the second day was 
also improved after the development of the activity (T-test: t= 2.67; d.f.= 48; p= 0.01; 
Table 1 and Figure 3). The grades on the post-test questionnaires were, on average, greater 
but did not reach a 0.5 point increase. On this day, all phases of the scientific method were 
used: observation, experimentation, elaboration of hypotheses, collection and data analysis 
and generalization of observed aspects (MOREIRA; OSTERMANN, 1993). The objective 
of these activities was to instigate students to think like a teacher, in order to encourage 
their students to develop scientific ideas in the classroom. The results showed that the 
second day provided knowledge gain, probably because all of the ecological and biological 
aspects, theoretical and practical, were new to the students. 
Activities that prepare the attitude of biology teachers in and out of the classroom 
are necessary for them to improve their educational practices in order to provide a quality 
education. This is the first step for Science Education is truly crafted with students, 
demonstrating to students the steps of the scientific study. 
 
Figure 3 - Grades from the pre- and post-test questionnaires applied to Biology students before and after the 
second day of activity in Science Education (T-test: t= 2.67, d.f.= 48, p= 0.01) 
 
Fonte: Carmo-Araújo, C.S., 2011.  
 
Contrary to what was found on the second day, the pupils’ performance in pre- and 
post-test questionnaires on the third day of activity had low variation (T-test: t= 0.65; d.f.= 
47; p= 0.52; Table 1 and Figure 4), showing that the discussion activity probably produced 
little increase in student learning. On this day, only education-related subjects were 
covered, such as Science Education in Brazil (BRASIL, 2008) and its detachment from 
scientific knowledge itself (CARVALHO-FILHO, 2006). Several discussions were also 
carried out about possible alternatives for improving the training of teachers and Science 













Figure 4 - Grades from the pre-and post-test questionnaires applied to Biology students before and after the 
third day of activity in Science Education (T-test: t= 0.65, d.f. = 47, p= 0.52) 
 
Fonte: Carmo-Araújo, C.S., 2011.  
 
Even in teacher certification courses, topics targeted to education have caused 
considerable antipathy in recent years for most college students, due to disappointment 
related to the professional reality of the teacher. Students in teacher certification programs 
are increasingly frightened away by the reduction of resources for public education, low 
wages and the tragic reality of public schools nation-wide (HAMBURGER, 2007). 
Therefore, this is a possible explanation for the grades of the questionnaires remaining low 
after the activity. 
On the last day, qualitative assessments were made in relation to the project 
presentations of the participants. The students presented projects produced by themselves, 
using this method of teaching science in other non-formal environments, and given before 
their colleagues and monitors. This audience, in turn, validated each project individually 
according to its feasibility in the classroom and theoretical, methodological and practical 
aspects. In all cases, the requirement was made that students consider in their projects the 
development of plans which focused on the use of the scientific method in non-formal 
environments. In this way, they all inspired their students to consider the actual 
environment by means of the elaboration of hypotheses and scientific investigations 
outside of the school environment. 
Some groups demonstrated a full and clear understanding on how to address the 
scientific method in its activities, in addition to a good public presentation, while others 
had difficulties in the methodological part. However, overall, students showed 
understanding and managed to assimilate the importance of the choice of scientific method 
for teaching Science, which can assist in the understanding of environmental aspects and 
bring the students closer to the scientific world (MELO; VILLANI, 2011; LONGHINI; 
NARDI, 2007). 
The real intention of the drafting of projects was to allow the students, in the 
posture of future teachers of General Science / Biology, to develop and replicate in the 
reality of the school what they saw and learned during the course of practical activities of 
Science Education, and to see that the method is applicable to any type of biological 






organism or phenomenon. Developing educational practices geared toward the discussion 
of issues related to the conservation and management of natural resources is today a 
necessity for developing better environmental awareness (PALHARES et al., 2000). 
The laboratory that serves as the base for the study is inserted within the Cerrado 
biome, and therefore, the realization of activities of Science Education and Environmental 
Education in this area is extremely important for considering environmental issues. 
Additionally, such activities allow for a better understanding of the aspects of conservation 
and preservation of the species in this biome. This is very important as the Cerrado is 
considered a biodiversity “hotspot” (FURLEY; RATTER, 1988; MYERS et al., 2000; 
KLINK; MACHADO, 2005). Thus, activities that highlight conserving the biodiversity of 
this biome must be made so that the concepts of the students are not formed in an 
empiricist environment without scientific knowledge (CARVALHO-FILHO, 2006). 
 
5. Conclusions  
 
The training course is possibly effective in the continuous training process of 
students of Biological Sciences – Teacher Certification mode, who will be future teachers 
in regular schools. Successive activities in Science and Environmental Education courses 
probably provide better training of these professionals and have been demonstrated to be 
more effective in the process of formation of learning than one-off activities. 
Any biological theme can be used in the development of these Environmental 
Education activities, and, taking into account that the main objective is the methodology in 
non-formal settings, they are ideal for good-quality professional training. Thus, the 
methods discussed in this paper are based on scientific methodological frameworks which 
can be applied to any area of education, whether in institutional environments or not, as 
well as being used in interdisciplinary contexts. 
The use of non-formal educational environments (such as green areas, parks, 
forests, squares, museums, interpretive trails), or any environment that complements the 
classroom routine and traditional methodology of chalk-and-blackboard, has the potential 
to motivate student learning. Therefore, for this to happen with quality, creativity, and 
competence, knowledge of the best and most suitable methods of preparation of such 
classes is necessary to become these activities important. This makes practical courses in 
Science and Environmental Education mandatory for the training of competent and multi-
faceted professionals, because only in this way the teachers will fit in the current dynamic 
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